Adolescents with chronic disease get involved in risk behaviors as often as their peers. The risky behaviors and disordered eating behaviors of adolescents with type-1 diabetes (T1D), the most common chronic disease of adolescence, sometimes have quite serious negative consequences.
of risk behaviors on GC in adolescents with T1D (9, 10) . Disordered eating behaviors (DEBs) are one of the risk behaviors in adolescents. DEBs include various behaviors to control body weight such as skipping meals, being a choosy-eater, vomiting after overeating, and improper exercise (11) . DEBs may be asymptomatic in healthy adolescents; however, they may cause complications requiring immediate medical attention in adolescents with T1D. Previous studies found that adolescents with T1D have a higher rate of DEBs compared to their healthy peers and that the former group also had impaired GC (12, 13) . Orthorexia Nervosa (ON) is defined as obsessive healthy-eating behavior and has not yet been defined or classified as an eating disorder (14) . However, OEB might be risky for adolescents with T1D and negatively affect their GC. OEB has been previously investigated in healthy young people (15) . The effect of OEB on GC has not been studied in adolescents with T1D. This study aimed to investigate the effect of risk behaviors and orthorexic tendencies on GC in adolescents with T1D.
Materials and Methods
The study was conducted with patients between the ages of 13-18 who came to the pediatric endocrinology outpatient clinic in October, November, and December 2018. The Ethics Review Board of the University of Health Sciences Child Health and Diseases Hematology -Oncology Training and Research Hospital approved the study protocol. The study was carried out in accordance with the Helsinki Declaration. Written consent for participation was obtained from adolescents and their parents. Adolescents over the age of 13 years who had been followed up with a diagnosis of T1D for at least six months, using insulin, and attending high school were invited to the study. Adolescents from middle-income families (at least one parent had a permanent job, adolescent had room and phone, and expressed that they can get the recommended food) who live with both biological parents were included in the study. Those from low-income (parents had no work or received social assistance) and high-income (children attended a private school or had more than one car) families were excluded from the study. Adolescents who were underweight or obese had another chronic disease, or psychiatric illness were on medication other than insulin for any reason, or were hospitalized in the last three months were also excluded from the study. A total of 119 patients who met the inclusion criteria for the study were invited to participate; 107 patients agreed to participate in the study. Two of the participants did not complete the scales; therefore, the demographic characteristics were analyzed based on 107 participants, and the data derived from scales were evaluated for 105 participants. Participants had a routine physical examination, necessary laboratory tests, and treatments similar to other patients with T1D. Weight was measured in kg using an electronic scale (Scale-Seca 220, Hamburg, Germany), height was measured in cm using the Harpenden stadiometer (Seritex, East Rutherford, NJ, USA). The standard deviations (SD) of height, weight, and body-mass index (BMI) (kg/m 2 ) were calculated (16) . Participants' GCs were based on their HbA1c level. At the time of blood sample collection for HbA1c, the Risk Behavior Scale (RBS) and ORTO-11 scale were administered to the participants. All participants completed these scales. They were instructed to fill out the questionnaires and put the forms in an envelope. Envelopes were deposited in a sealed box that was opened at the time of data analysis. There was no time limit given to complete the scales. The relationships between whether patients had optimal GC (≤7 %, 53 mmol/mol) or poor GC (>7%, 53 mmol/mol) and the patients' age, age at diagnosis, and duration of disease were evaluated. The optimal-GC and poor-GC groups were also analyzed concerning their RBS and ORTO-11 scores. Glycemic control (GC) Glycated hemoglobin (HbA1c) measures a patient's GC. HbA1c reflects the average serum glucose level in the period of previous 3-4 months. HbA1c levels were analyzed by turbidimetric inhibition immunoassay using commercial kits (Beckman Coulter HbA1c) on clinical chemistry analyzer (Beckman Coulter AU 680). Clinical guidelines recommend an HbA1c level of 7% (53 mmol/mol) for optimal GC (17, 18) . Based on these data, HbA1c values of ≤7% (53 mmol/mol) were taken to be the optimal GC, and values >7% (53 mmol/mol) were considered poor GC. Risk Behaviors Scale (RBS) The RBS has been developed by Gençtanırım and Ergene (19) to evaluate the risk behaviors of high-school students in Turkey. The RBS is a self-report scale with 36 five-point Likert items (5 = strongly agree, 4 = agree, 3 = partially agree, 2 = disagree, 1 = strongly disagree) where total score ranges from 36 to 180. Higher total scores indicate more risk behaviors. The RBS consists of 6 subscales: anti-social behaviors (I get involved in physical fighting, I get involved in bullying, I am teasing my friends, etc.), alcohol use (I drink alcohol when I want, I relax when I use alcohol, I drink alcohol to feel good, etc.), tobacco use (I smoke, I can get smokes if I want, my best friend smokes, etc.), suicidal tendency (I feel helpless in the face of problems, I feel pessimistic, I have low self-confidence, I wake up unhappy in the morning), eating habits (I like to eat junk food, I drink soft drinks every day, I eat mostly fast food, etc.), and school dropout (I think about dropping out of or taking a break from school, being successful in school does not help me, I want to work instead of going to school, etc.). High scores in each subscale indicate increased risk behaviors in a related area. Exploratory factor analysis of RBS found item factor loads between 0.49 and 0.83. For reliability, the internal consistency coefficient (Cronbach α) was 0.91 for the whole scale and varied between 0.70 and 0.87 for the subscales. Orthorexia Nervosa Scale (ORTO-11) The ORTO-15 scale was created by Donini et al. (20) and was adapted to Turkish as ORTO-11 by Arusoglu et al. (21) . ORTO-11 is a Likert-type scale that includes 11 items (items 3, 4, 5, 6, 7, 8, 10, 11, 12, 13, and 14) from ORTO-15. The participants were asked to respond ORTO-11 to indicate how often the expression in each item identified themselves (always = 1, often = 2, sometimes = 3, never = 4). The total ORTO-11 score ranges from 11 to 44; a lower score indicates a tendency for orthorexic eating behavior. The psychometric properties of ORTO-15 were investigated by factor analysis during its adaptation to Turkish; internal consistency coefficient was calculated to reveal factor loads varying between -0.44 and 0.69 for various items. Only the items with factor loads ≥0.50 were included the Turkish version to generate an 11-item ORTO-11. The Cronbach's alpha calculated for 15 items was 0.44 while it was 0.62 for 11 items.
Statistical analysis
The data were analyzed using SPSS software (Version 23.0 for Windows; IBM Corp., Armonk, NY). Descriptive statistics were presented as mean ± standard deviation, frequency, and percentage. Chi-square test was used to analyze categorical variables. The normal distribution of variables was tested using visual (histogram and probability graphs) and analytical methods (Kolmogorov-Smirnov or Shapiro-Wilk tests). Equality of variance was checked with the Levene test. Student's t- test was used to compare the groups, and Pearson correlation coefficient was used to analyze the relationship between the variables when the parametric test prerequisites were met; Mann-Whitney U test and Spearman correlation coefficient were used otherwise. For all tests, the significance level was set at p<0.05.
Results
Of the 107 adolescents diagnosed with T1D, 46.7% (n = 50) were female, and 53.3% (n = 57) were male. Other demographic data were presented in Table 1 . There was no significant difference between total RBS scores of males and females (p>0.05). Nonetheless, the Alcohol use subscale score was significantly higher for males (p=0.003). On the contrary, the eating habits subscale scores were significantly higher in females (p=0.029). There was no significant difference between males and females regarding other RBS subscale scores (p>0.05). Total ORTO-11 score was significantly lower in females (t=-2.255, p=0.026). The percentage of those who had a positive response to the item exploring the smoking habits (strongly agree or agree) was 8.5% (n = 9), of which 33.3% (n=3) were female and 66.7% (n=6) were male. The percentage of those who had a positive response to the item exploring the alcohol use (strongly agree or agree) was 4.7% (n = 5), all of which were males. A significant correlation was found between HbA1c and total RBS, eating habits subscale, and suicidal tendency subscale scores. No significant correlation was found between HbA1c and ORTO-11 score (p>0.05) ( Table 2) . Also, no significant correlation was found between ORTO-11 score and total RBS score or RBS subscales scores (p>0.05). Of the participants, 18.7% (n = 20) had an HbA1c of ≤7%; 81.3% (n = 87) had an HbA1c of >7%. A significant relationship was found between HbA1c and patients' age, patients' age at diagnosis, and duration of disease (Table 3) . Those with an HbA1c of >7% had significantly higher eating habits subscale, alcohol use, and tobacco use subscale scores (p<0.05). There was no significant difference between those with high or low HbA1c regarding total RBS and other subscale scores ( Table 4 ). No significant difference was found between those with an HbA1c of >7% or ≤7% regarding gender distribution (χ 2 =1.920, p>0.05). Among female participants, those with an HbA1c of >7% had significantly higher total RBS, suicidal tendency subscale, and eating habits subscale scores (p<0.05). Among females, the ORTO-11 score was significantly lower for those with an HbA1c of >7% (p<0.05). The ROC curve calculated and used to determine whether the ortho score was a usable variable in determining the HbA1c value above 7% in the girls in our sample group. As a result of this analysis, the area under the ROC curve was low (AUC = 0.54), the likelihood ratio (LR) + value (LR + value = 1.8) was "weak" and the sensitivity of our test was low (20%). Among male participants, those with an HbA1c of >7% had significantly higher eating habits and alcohol use subscale scores in RBS (p<0.05) ( Table 5 ).
Discussion
This study investigated, for the first time, the relationship between GC and the tendency for OEB among adolescents with T1D and revealed that poor GC was associated with a tendency for OEB among female adolescents with T1D. In addition, this study indicated that adolescents' risk behaviors and HbA1c were correlated. The suicidal tendency was higher among females with poor GC while alcohol use and tobacco use as risky behaviours were higher in males. As expected, unhealthy eating habits were found to be more common in patients with poor GC in both genders. Results indicated that healthy eating habits should be emphasized for adolescents with T1D at each follow-up meeting. Unfortunately, there is a tendency to eat fewer fruits and vegetables and to eat unhealthy foods in all adolescents (22, 23) . Studies have shown that adolescents with T1D have similar eating behaviors to their peers (eating sweets, drinking carbonated drinks, and eating junk food) (24, 25) . Similar to this study, a review study recounted that adolescents with T1D often did not comply with their diets, and their GC was adversely affected (26) . Clinical guidelines emphasize that adolescents with T1D should comply with their diet in order to have optimal metabolic control (17, 18). The ON, or OEB, is defined as an obsession for healthy eating at a pathological level and has not yet met the criteria for eating disorder. The ON was first described by Bratman (27) . Unlike other eating disorders, weight control is not the primary aim in OEB; however, over-occupation with healthy-eating practices is at a level that may impair one's health (28). Similar to the other DEBs, the tendency to OEB was significantly higher among females than males (29) . Portion control and calorie restriction, which are often advised to adolescents, might have increased female adolescents' attention to nutrition issues. A previous study with 48 adolescents and young adults (aged 7-19 years) with T1D in Turkey indicated an increased tendency to OEB (30) . We found that among female adolescents with T1D, GC was found to be more impaired in those with a tendency to OEB; therefore, one cannot claim that they have healthier eating habits. A review study reported that ON was usually accompanied by psychopathology (31) . In our study, we found no relationship between ORTO-11 scores and the suicidal tendency among the female adolescents. The ROC curve was used to determine whether the ortho score was a usable variable in determining the for poor GC in the girls in our sample group. As a result of this analysis, the area under the ROC curve was low, the LR + value was "weak" and the sensitivity of our test was low. For these reasons, it is concluded that ORTO 11 score is not a usable variable in determining HbA1c value above 7. However, in our study, girls with poor GC tend to be more prone to OEB, suggesting that further investigation of this issue would be beneficial. Among female adolescents with T1D, those with poor GC were found to have more suicidal tendencies. The suicidal tendency subscale of RBS includes the statements "I feel helpless in the face of problems," "I feel pessimistic," "I have low self-confidence," and "I wake up unhappy in the morning," which reflect depressive feelings and thoughts. Depressive mood and low self-esteem were associated with suicidal ideation. In previous studies, it was also reported that depressive symptoms in adolescents with T1D had negatively affected their GC (32, 33) . The results of our study were also consistent with those findings. Studies indicate that negative mood is more common in female adolescents with T1D compared to their male counterparts (34) (35) (36) . However, contrary to these studies, no significant difference was found between the suicidal tendency subscale scores of male and female adolescents in our study. When males and female were evaluated separately, the suicidal tendency of females with poor GC was higher than those with optimal GC, whereas such a difference was not observed in males. Similarly, it was found in another study that among u n c o r r e c t e d p r o o f adolescents with T1D who had negative mood, females had a worse GC than males (35) . In the pediatric endocrinology department where this study was conducted, psychiatric consultation is requested for every patient with poorly controlled diabetes. The significant association between poor GC and suicidal tendency despite the exclusion of patients with any psychiatric diagnosis is remarkable. This finding may suggest that the resilience in the face of chronic disease and compliance to treatment were worse among our female patients. Similar to previous studies (10, 37, 38) , it was found that alcohol consumption and smoking in adolescents diagnosed with T1D had negative effect on GC in our sample. However, it was found no relationship between GC and alcohol consumption or smoking in another study with adolescents with T1D in Turkey (39) . In our study, the rates of smoking and alcohol consumption rates were much lower than the rates in the studies that found a relationship (10, 37, 38) . The relationship between smoking and alcohol use and serious health outcomes of adolescents diagnosed with T1D is well-known. Alcohol consumption of adolescents with T1DM increases the risk of hospitalization due to ketoacidosis. Even in small amounts, it can cause hypoglycemia risk within 1-2 days (40, 11, 41) . Smoking of adolescents with T1DM has been shown to impair blood sugar regulation. In addition, tobacco use will aggravate diabetes and tobacco-related complications over time (42) . The lack of alcohol use among female adolescents in our study was probably related to cultural factors. In Turkey, the rate of alcohol consumption is much lower among healthy female adolescents than their male counterparts (43) . The age range of adolescents with poor GC in our study corresponds to the beginning of middle adolescence and high school. The process of adaptation to new friends and social environment may have influenced their eating behavior and GC. Their compliance with treatment may increase in 1-2 years after getting used to new school and peers. Perhaps due to the developmental characteristics of adolescence, our rate of impaired glycemic controlled patients was so high. Sociocultural factors other than school life may also have affected their behavior. Adolescents diagnosed with T1D at a younger age and had a long duration of disease were found to have worse GC. Metabolic control interventions should be performed differently depending on age, duration of disease and age of onset of disease.
Study Limitation
Our study has several limitations. Improper sexual behavior is an important risk behavior, and the lack of data on the sexual behavior of adolescents in our study was a significant limitation. One of the risks that affect GC is the inappropriate injection of insulin; lack of data on adolescents' compliance with insulin treatment was also a significant limitation. A review study indicated that OEN was accompanied by various obsessive disorders (31) . Although adolescents with existing psychiatric diagnoses were not included in the study, we did not investigate the presence of obsessive disorders and other psychopathologies in our study.
Conclusion
In conclusion, this study has demonstrated the importance of considering the relationship between GC and risk behaviors in adolescents with T1D. Higher incidence of OEB in female participants with poor GC suggests that adolescents with T1D should be evaluated for nutritional habits, including the obsession for healthy eating. Evaluating nutritional habits according to their development, assessing depressive symptoms repeatedly, and asking about alcohol and tobacco use based on gender may contribute to the disease management in adolescents with T1D who have poor GC. The fact that bad eating habits are one of the most critical problems of adolescents with T1D necessitates the further investigation of this issue. Future studies should address the incidence of OEB and the psychopathologies that may accompany OB and influence GC in adolescents with T1D. 
